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InSight Project Overview

Salient Features

» Category: 2; Risk Class: B

» Mars Lander based on Phoenix heritage

» Science instruments contributed from CNES (SEIS) and
DLR (HP?)

» Launch Period March 4-30, 2016, on ATLAS V 401

* 6.5-month cruise, type 1 trajectory, direct entry

« Landing on Sept. 28, 2016, followed by one Martian year
of science measurements on the surface

Science Payload
1. Understand the formation and evolution of terres- . SEIS - Broad-band seismometer: Measures
trial planets through investigation of the interior seismic waves from 0.01 mHz to 50 Hz to

determine the planet’s interior structure
« HP3 — Heat Flow and Physical Properties Package:
Measures subsurface thermal gradient and
conductivity to determine planetary heat flow

structure and processes of Mars by determining:
* The size, composition and physical state (liquid/
solid) of the core

* The thlcknes's'and structure of the crust » RISE — Rotation and Interior Structure
* The composition and structure of the mantle. Experiment: Uses S/C communication system to
* The thermal state of the interior measure rotational variations of Mars
2. Determine the present level of tectonic activity and || « IDS — Instrument Deployment System: Robotic
meteorite impact rate on Mars by measuring: arm and cameras to deploy SEIS and HP? to the
* The magnitude, rate and geographical distribution of surface

» APSS — Auxiliary Payload Sensor Subsystem:
Environmental sensors (wind, pressure, and
magnetic field) to support the SEIS experiment

internal seismic activity
* The rate of meteorite impacts on the surface
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InSight

Flight System

Cruise Stage

Backshell
Thermal Enclosure

Cover

Component Deck
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unch, Cruise, and EDL Phases

InSight

« 2/7-day launch period opening on 4 h
March 2016 \
— Launch vehicle will be Atlas V 501 /

— Constant arrival date of —
28 September 2016 P

— Assumes MRO node move to 2:30PM orsc e &
for robust EDL Comm

Mars at Arrival

—,
TCM-6
Entry -22 hrs
,/

 Type 1 transfer from Earth to Mars e
. . Entry- 45 days
Wlth 6-5-m0nth CrUIse Phase f‘ * Entry State Initialization: E-10 min

v
v{) * Cruise Stage Separation: E-7 min
) e Entry Turn Starts: E-6.5 min, Turn completed by E-5 min

— EDL delivery accuracy is dependent 7 i osior o5 - ros
I 4 « Peak Heating: 61.7 W/cm?, Peak Deceleration: 9. i
On ESA (Or JAXA) DDORS 9‘\ P-I;;achufeilplz\zmenytngl)(:[;.oklm,Mach?.gzg fupersonie

\x * Heatshield Jettison: PD + 15 sec, ~7.2 km, ~123 m/s
 Leg Deployments: PD + 25 sec

Entry Prep

i |nSig ht EDL deSign iS Within the k@i’  Radar Activated: PD + 30 sec, 6.0 km I
. agugn : * Radar First Acquisition: ~2400 m
herltage Ca pabl I |t|eS @ ) * Lander Separation: 1.29 km, 62.2 m/s
. . , sléal?r?]iré?e:;tion = &P« Gravity Tum Start: 1.08 km Terminal Descent
— r tive X 4gf¥._ - Constant Velocity Start: 50 m, 8 m/s
Higher entry speed and elevation 0L et @‘ﬁ\ ot 04,25 10201 |
_ Landing region already \\\:/_j  Dust Settling: Until Touchdown + 15 min i

: ' * Entry altitude referenced to equatorial radius. * Begin Gyro-Compassing: L+5 min
S e | e Cte d_ E I yS I u m P I a n I t I a All other altitudes referenced to ground level

o Solar Array Deploy: L+16 min
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WTS, RWEB (Wind & Thermal S E | S (C N E S) (also IPGP, ETH/SSA, MPS/DLR,
Shield, R te W Elect. IC/Oxford/UKSA, JPL/INASA)
RISE (S/ C Telecom) En::el.) A Seismic Experiment for Interior Structure

S8 Rotation and Interior
Structure Experiment

Small Deep Space

Transponder
3
HP (DLR) . VBB, SP, LVL - Very-
Heat Flow and Physical Properties Package Broad-Band & Short-

Period sensors, Ebox - Electronics Box

Leveling System) THR - Tether

Support
Structure

IDS (JPL)

IFG (UCLA) Instrument Deployment System
InSight Fluxgate

Back End

Tether Electronics

Length
Monitor

TWINS (CAB) - Temp.
and Wind for INSight

—=—— Scientific Tether

* Embedded temperature
sensors for thermal
gradient measurements

IDA - Instrument Deployment Arm

Pressure Sensor

B APSS (JPL)

=
« Hammering mechanism - a8, | ICC - Instrument Context Camera
+ Active thermal conductivity Auxiliary Payload = i_

measurements Sensor Suite ey’

~

IDC - Instrument Deployment Camera

« Static tilt sensors
Stone PPS-6
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InSight

Surface Deployment and Science Monitoring

» 67-sol instrument deployment period
— 22 days of built in margin
— Science starts on sol 7 (RISE)
— No strict time constraint for deployment

» Operational support

— Full-team tactical operations during
deployment

— Using heritage MOS/GDS tools and
processes

* One full martian year of science
monitoring

— Only minimal support team needed
during science operations

— Technical margins for operations are in
good shape

Stone PPS-8
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InSight

InSight Phase B-E Schedule

2012 [ 2013 [ 2014 [ 2015 | 2016 [ 20
MIJTJTATsTOINIDIJTFIMIATMIJTITATSTOINIDIJTFIMTAIMIUTUTATSTOINIDIUTFIMIAIMIUTITATSTOINTD[JTFIMIATMIUTUTATSTOINIDIJTFIMIATMIJ]
i i Baseline Actual Launch EDL
InSIth ProleCt Phases Start O PHASE B & Bridge 13 mo & 2 mo PHASE C 15 mo PHASE D 13 mo * * PHASE E/F 36 mo__ |
73 9/3 3/4 9/28
H H PMSR Proj/FS PDR Proj/FS CDR ARR SIR ORR FRR CERR - EDL
Project Milestones s o N . N PSR123 33 @ P
214 8/12 513 10/7 2/10 12156 2/27 7129
Science Team Meetlngs SEIS (JPL) @ #1 ¢ JPL #2 @ EU #3 @ US #4 ¢ EU #5 @ US ¢ US #7 @ EU #3 ¢ EU #3 ¢ US #10 @
EU
PL Subsystem PDRs
Payload PL SS IRs @ PLPDR
PL Subsystem CDRs
PT Mole Fab PDR Mole/HP3 CDRs E2E nPT MM Jul 29
HP3 (DLR Germany) - ) - ©.©.® . ¢ & GIB @ HP3Mole/SSA to ATLO + 1wk margin
Mole Design PT I&T Mole Redsgn MRR PFE I&T BEE Rad
SEIS (CNES/IPGP France) SEIS PDR Systemn CDR LVL & Cradle
< * IOR 2 * (OF 2 L 2
E-Box LVLVibe TRL6 EM Cradle EM E-Box SpP
SEIS Tether, WTS, SW (JPL) EM LL EM WTS RWEB FM Tether FM TSB
<* v . ¢ & @ 66 0 | @
WTS Wind Test STM RW QM Tether SW4  WTSSW5 |SW6
VBB-Sph LL VBBS Test Sensor Dev Sensor Build VBB-Sph I&T
SEIS VBB Sensor & Sphere VBB-Sphere to CNES Jul 13
VBB-Sph Design  STM Vibe FM1 Sphefe (JPL)
i Simu-SEIS I&T  SEIS STM EM I&T QM SA/E-Box Sep 13
SEIS Integratlon & Test < ® ¢ Y < ® ¢ @ SEIS SA & E-Box to ATLO (install plan in work)
Simu1 QM 1&T TVAC1| TVAC2
APSS TWINS, PS, Mag, Inlet, PAE APSS SRR d-PDR Sys CDR Juh 2 _
. @ @ e @ <* PAE/Mag @ {@HHH APSS FM2 PS/TWINS to ATLO + 2mo Margin
TWIR PS EM PS TWINS FM1
PDR PEB CDR Arm/Grapple Jul1
IDS MC, Grapple, Arm, Cam, SW * @@ 10 ) * 0 @4 @ER DS FM to ATLO + 3wk Margin
SWIR Sw4 SW5 Motor & Gams
ATLO Start
Spacecraft S/C S/S Heritage TIMs PDRs CDRs ¢
11/4
S/C Struct, EPS, TLC, GNC, FSW S/C Long Lead Procurements STL1 Lander w/Prop TL3 Parachute
R W W W (*] e ¢ e ¢ |
SW3 Sw4 Landed S/, Flt Batt
C&DH Rgmts PWB Procure ARMR FPGA IPIC Flt
S/C C&DH & |[C&DH Flight Box
Chassis Design EDU Card Test TestSets  C&DH ATU CMIC Rwk
S/C Subsystem Integration SIC & PIL 1&T1
S/C-P/L Integr & System Test LE nvir PILI&T2 Pre-Ship
On Dock VAFB 1/5
2d 27d
Launch Site Ops __unch 34
3d 7d Launch Period 3/4-3/30
i i Target Spec Draft MOS SRR MOS PDR MOS CDR 9/25 ORTs (pink bar) Cruise 6.5 mo Surface Ops 22.5 mo
Mission System . ¢ Mo e 2leoe e “ oo oo o
MS Implem Plan GDS0 1e1 G1.0 GDS2 GDs2.1 GDS3.0 & 3.1 GDS4

Project Margin| [l Schedule Margin| [l Crit Path| 4 Key Event|(® PDR/CDR| () Fsw/GDS| @ LL Procure
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I\S%t anding Site Constraints

 Latitude: 15°S to 5°N: Sufficient Solar Power Margins

— 3°N to 5°N Elysium Planitia (takes advantage of the northern latitudes)
« Elevation: <-2.5 km MOLA: Sufficient Atmosphere for EDL
» Ellipse Size: 139 km x 27 km [99.5% ellipse]

« Thermal Inertia: >100-140 J m2 K1 s-172

— Avoid surfaces with thick dust that is not loading bearing
— Prefer ~200 J m2K-1s-12 for uncemented or poorly cemented soil
— Radar reflective surface

 Rock Abundance: <10%

— 99% Safe Landing and Opening Solar Panels
« Smooth Flat Surface: No large relief features

— Slopes <15° for Safe Touchdown and Radar Tracking (1-5 m & 84 m)
* Deploy Instruments: [<10% Rock Abundance, <15° Slope]

* Broken up regolith >5 m thick: Hesperian Cratered Surface
— Penetration of the Mole

No Planetary Protection Concerns for Landing Site = No Special Region!
No Other Science Requirements: Just Land Safely

Golombek PPS-10
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InSight

Landing Site — Selected One Prime Candidate

Sept. 2010 |#9%

T

. ey July 2013
o mm Kilometers: e e T
. M5 00 ~ o °00" MZ‘TO'O"E

N EU ;"éﬂ
May 2012 F B8
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errains

Smooth (Smooth) Dense Crater Swarms Smooth Ridged
Smooth (Rougher) Smooth Highland I Maybe Medusa)
Gradational Etched Highland Terrain Medusa
Patchy Etched Young Lava Ridged Terrain |
Etched Terrain High Albedo Ridged Corinto Ray

Dark Terrian

Crater Rim Terrain

Ejecta Terrain
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InSight

\
‘ Inal Site Selection Summary

« All four sites meet all engineering constraints

— Latitude, elevation, ellipse, rocks, slopes, load bearing, radar
reflectivity, instrument deployment, regolith >5 m thick

» Geologically mapped “Smooth Terrain” is the most benign
terrain type — lowest rock abundance and slopes

» Greatest coverage by smooth terrain and lowest rock

abundance is found.in ellipse E9

107 | Hazard map showing landing
{os2 | success probability contours
sz | at opening of launch period.

Latitude (deg)

3.2

2.8

Longitude (deg)
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- equirements

* As a Mars lander mission without life detection instruments, the InSight
mission has been designated PP Category IVa by the NASA PPO.

* |In accordance with the requirements stated in NPR 8020.12D for this
category and type of mission, the InSight Project will comply with:

— Bioburden requirements, i.e., <5 x 10° total spores at launch, 3 x 10° total
spores on planned landing hardware, a mean exposed surface density of
300 spores/m?

— Assembly and testing in ISO 8 (or better) cleanroom environments

— Launch environment cleanliness and recontamination avoidance — hardware
cleanliness and launch recontamination not to exceed bioburden requirements

— Organic inventory — bulk inventory of at least 50 grams of each organic material
type for which more than 25 kg is transported to Mars and documentation of
organic materials for which are present in quantities of 1kg

— Probability of Impact — Launch vehicle Mars avoidance of less than 10 for 50
years after launch, and probability of a non-nominal impact of Mars by the
spacecraft due to cruise phase failure shall not exceed a 102

Benardini PPS-13
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h—« PP Requirements

« Additional Project requirements to include:
— Average internal (behind HEPA or tortuous path) bioburden < 1,000 spores/m?

— Mole shall be unpowered and cease operations immediately if tether breaks
— lIce shall not be present within reach of HP? instrument’s mole

— Mole shall not generate a thin liquid film as a result of operations sufficient
enough to transport a 50 nm particle.

— Planetary Protection Landing Site Review Required
 Utilizing NASA PPO provided “new” heat microbial reduction specifications

which provide expanded implementation options (e.g., no humidity
constraints, credit for manufacturing credit)

« All PP requirements have been captured into the Level 2 Project System
Requirement Document [first Project to capture all PP requirements into
Dynamic Object Oriented Requirements (DOORS) V&V tool].

» All Level 2 and 3 requirements are under Project Change Control Board
management.

Benardini PPS-14
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h—« Planetary Protection

* The project is currently in compliance with all PP requirements!
» Project continues formal and informal interactions with the NASA PPO
« PP assays in progress at JPL, LM, CNES, and DLR
— Three NASA PPO verification assays completed; one at JPL, two at LM
— All PPO verification assay events negotiated and actively tracking through schedule shifts
— 130 sampling events completed totaling 952 swabs, 330 wipes, and 12033 petri dishes
— All final assays have met required bioburden allocations and all verification assays passed

— Verification assay planned prior to delivery at both DLR and CNES prior to delivery of HP3
and SEIS. Verification assays are planned at delivery inspection upon delivery at LM.

* Actively involved in payload rework by assessing revised implementation approaches,
conducting additional assays to verify compliance, and updating PP assay schedule.

» Impacts of the MarCo launch vehicle secondary payload being evaluated.
* Launch Operations

— PP Pathfinders (6) have been conducted to understand West Coast launch operations,
characterize launch vehicle cleanliness, and assess changed or modified ULA processes
and practices.

— Dedicated PP lab at VAFB planned for support of SC and LV operations.

Benardini PPS-15
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InSight

« Compliance with all bioburden requirements
— While bioburden has increased slightly since SIR, there still is

Current Bioburden Estimate

>33% margin for all L2 and L3 bioburden requirements

Benardini

Accountable

Accountable

Maximum Allocated (at

Launch)
Surface Area Volume Spore Bioburden
(spores)
Lander 225.19 2.11E+04
Landed Hardware 225.19 2.11E+04
Impacting Hardware — Planned
Aeroshell 811.20 1.29E+05 1.13E+05
Landed Hardware 346.60 5.31E+04
Impacting Hardware — Planned 465 1.29E+05 5.96E+04
Parachute, landed hardware 325.90 3.26E+04
Cruise Stage 33.12 0 5.00E+04
Landed Hardware
Impacting Hardware — Planned 33 5.00E+04
Subtotal surfaces, m2 1395 —
Subtotal volumes, cm? 1.29E+05
Small Misc tbd tbd 4.00E+04
Requirement 300 sp/m2 5.00E+05
Total 141 sp/m2 2.56E+05
[Reserve 2.44E+05

PPS-16
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InSight OOkIng ahead v

* Instrument Deliveries to ATLO — 7/15 - 9/15

* Move-in Date for PP Lab at VAFB — 9/15/15

« PP Landing Site Review — ~10/15/15

« Combined PP Pre-launch and Pre-ship Review — 12/16/16
« Spacecraft On Dock at VAFB -1/16

 Flight Readiness Review 2/29/16

« Launch — 3/4/16

Benardini .
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"} InSight Planetary Protection Team

InSight

« JPL

— Moogega Cooper

— Gayane Kazarians

— Fei Chen

— Parag Vaishampayan
« LM

— Joe Witte, LM PP Lead

— Amy Baker

— Patrick Bevins

— Dennis Vaughn

— Ray (Jamie) Woodzell
« CNES

— Christian Martin

— Delphine Faye
« DLR

— Matt Dalton

— Petra Rettberg

Benardini PPS-18
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1. The planet starts forming throug
accretion of meteoritic material.

2.As it grows, the interior begins to heat
up and melt.

3 Stuff happens! <—— InSight!

4. The planet ends up with a crust,
mantle, and core with distinct, non-
meteoritic compositions.

Stone
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&I Differentiation in a Terrestrial Planet

InSight

The Lunar Magma Ocean

Quenched crust Ano\rthosite crust

T

Olivine-
Low-Ca Pyroxene/
—~ Cumulate —

~——— metallic core T metallic core —

» Our understanding of planetary differentiation is largely based on the lunar
magma ocean model, which was developed in response to Apollo

geochemical and geophysical data. But...
« This is a complex process; the physics is not well understood and present

constraints are limited.
» Lunar P-T conditions are not particularly representative of other terrestrial

planets.

Stone 21



of Terrestrial Planets, Including Rocky Exoplanets

Terrestrial planets all share a common structural framework (crust, mantle,
core), which is developed very shortly after formation and which determines
subsequent evolution. We seek to understanding the processes by which this
structure is formed. 7ust

Solid inner core

Liquid outer core

Crust
l Core

Crust

‘k(}ore?
Mantle

Mantle Mantle
MERCURY VENUS EARTH MOON MARS

Mantle

Mars is uniquely well-suited to study the common processes that shape all
rocky planets and govern their basic habitability.

— There is strong evidence that its basic crust and mantle structure have survived little
changed from the first few hundred Myr of formation.

— lIts surface is much more accessible than Mercury, Venus.

— Our knowledge of its geology, chemistry, climate history provides a rich scientific context
for using interior information to increase our understanding of the solar system.

Copyright 2015 California Institute of Technology. Government sponsorship acknowledged. 22
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